INTRODUCTION
Belmont virus is an ungrouped Australian arbovirus isolated in Queensland from the mosquito Culex annulirostris (Doherty et al., 1972) . Preliminary investigations revealed it to be serologically unrelated to all known arboviruses and sensitive to lipid solvents; filtration experiments indicated a diam. of about 100 nm for the infectious particle. The sensitivity to lipid solvents, approximate size and some ecological aspects (R. L. Doherty, personal communication) suggested that Belmont virus may be a member of the Bunyaviridae family.
This family incorporates the bunyaviruses (previously the Bunyamwera supergroup), which are all distantly serologically related, together with the possible bunyaviruses which were shown to be similar in morphology and morphogenesis to members of the bunyavirus genus (Porterfield et al., 1975/6) . A summary of the structure of many Bunyaviridae members (Obijeski & Murphy, 1977) indicates that all members studied so far are biochemically similar in accord with their morphological similarity. However, the possible bunyavirus Uukuniemi diverges somewhat from other members in terms of sizes of virions, RNA and proteins.
In this paper, Belmont virus is compared with Bunyamwera virus in regard to morphology and some biochemical properties of the virion. The results show that the two viruses are similar in many respects, providing strong evidence that Belmont virus belongs to the Bunyaviridae. However, Belmont virus possesses some unique features which distinguish it from other well-characterized bunyaviruses.
METHODS
Viruses. Belmont virus (R 8659) was obtained from Dr R. L. Doherty, Queensland Institute of Medical Research, Australia and Bunyamwera virus from Dr I. H. Holmes, Department of Microbiology, Melbourne University. Commencing from a suckling mouse brain pool each virus was recloned three times by plaque assay; to obtain a cloned working stock the harvested cell supernatant after growth from the last cloning was used to infect 30 × 106 Vero cells maintained on a minimum volume of Eagle's minimal essential medifim (MEM) supplemented with 5% (v/v) heat-inactivated foetal calf serum (FCS). The supernatant fluid was harvested on the development of a +3 to +4 c.p.e, and stored at -70 °C in small aliquots.
Cells. The Vero (African green monkey), PS (porcine-stable) and LLC-MK z (rhesus monkey kidney) cells were grown in medium 199 supplemented with 5 to 10% (v/v) heat-inactivated FCS and maintained in Eagle's MEM supplemented with 0.2 % bovine serum albumin (BSA). The sources of the above cell lines have been described previously (Westaway, 1973; . BHK-21, clone 13 cells (Commonwealth Serum Laboratories, Melbourne, Australia) were grown in Eagle's basal medium supplemented with 10 % heat-inactivated FCS and maintained on Eagle's MEM supplemented with 0.2 % BSA. The Aedes albopietus (Singh) cells, provided by Dr Sonja Buckley (Yale Arbovirus Research Unit, U.S.A.), were grown and maintained at 28 °C in Buckley's medium (Buckley, 1969) supplemented with 20 % heat-inactivated FCS.
Plaque assay. Samples to be assayed were diluted in Hanks' balanced salt solution (BSS) containing 0.2% BSA and 0.2 ml vol. were added to confluent monolayers of Vero cells grown in plastic Petri dishes. Adsorption was for 1 h at 37 ° C. Overlay medium consisting of medium 199, 5% heat-inactivated FCS, 1% Noble agar, 28mM-HEPES and 0.5% DEAE-dextran was added. After incubation for 3 to 4 days at 37 °C the cells were stained with a 0.0025 % solution of neutral red in Hanks' BSS for 3 to 4 h. Excess stain was then removed and plaques counted on the same and on the subsequent day. When plaques were picked for cloning virus, they were located by transmitted light rather than by staining.
Haemagglutination assay. Viral haemagglutination was performed in a microtitre system using the buffers of Clarke & Casals (1958) . The optimum pH for haemagglutination for both Belmont and Bunyamwera viruses is 6.1.
Growth, concentration and purification of virus. Roller bottle cultures of Vero or BHK-21/13 cells (approx. 1 × 108 cells/bottle) were infected with cloned virus stocks at a low m.o.i. (0.01 to 0.25) for 1 h at 37 °C. After this period, maintenance medium was added. For labelling virus with 3H-or 35S-methionine or with 3H-glucosamine the medium was deficient in methionine (1/10 the normal concentration) or glucose (1/100 the normal concentration) respectively. Normal maintenance medium was used for 3H-uridine labelling experiments. Radiochemicals used (from The Radiochemical Centre, Amersham) were L-(methyl-~H)-methionine (5.5 to 8.7 Ci/mmol) at 20 gCi/ml, D-(6JH)-glucosamine (13.4 to 19 Ci/mmol) at 5 pCi/ml, 3H-uridine-ST (29 Ci/mmol) at 20 pCi/ml and L-35S-methionine (225 to 790 Ci/mmol) at 3 to 10 gCi/ml. The radioactive labels were added 5 to 6 h post-infection for Belmont virus-infected cells and 3 to 4 h post-infection for Bunyamwera virus-infected cells. The cell culture fluids were harvested when +3 to +4 c.p.e, had developed (24 to 36 h post-infection). Harvested cell culture fluids were clarified by centrifugation at 10 000 g for 10 min, and the virus particles concentrated by polyethylene glycol-sodium chloride precipitation at 4 °C according to a technique described previously (Obijeski et al., 1976) . Concentrated virus, after clarification, was purified by rate-zonal sedimentation in a linear 20 to 50% (w/v) sucrose gradient in TES buffer (0.01 M-tris-HC1 pH 7.6 at 4 °C, 0.001 M-EDTA, 0.1 M-NaCI) containing 0.2% BSA. Centrifugation was for 3.5 h at 24000 rev/min in a Spinco SW27.1 rotor. Virus in pooled peak fractions was sometimes diluted with an excess of the gradient buffer and purified a second time by rate-zonal sedimentation in a linear 20 to 50% (w/v) sucrose gradient for 3.5 h at 30000 rev/min in a Spinco SW56 rotor. Purified virus particles were diluted in TES buffer containing 0.2 % BSA, pelleted at 30000 rev/min in the Spinco SW56 rotor for 2 h at 4 °C and resuspended in 20 gl 2% sodium dodecyl sulphate (SDS).
Polyacrylamide gel electrophoresis (PAGE).
Labelled virion proteins were separated by electrophoresis in polyacrylamide slab gels, using 8 % gels and a continuous SDS-phosphate buffer system (Westaway & Shew, 1977) or 10% gels with a discontinuous buffer system (Laemmli, 1970) . Before SDS-phosphate or discontinuous electrophoresis, purified virus samples in 2% SDS were adjusted to 1% dithiothreitol, 0.01% EDTA and 0.005 M-sodium phosphate pH 7.2, or to 1% dithiothreitol and 0.05 M-tris-HC1 at pH 6.8 respectively, and heated to 100 °C for 1 min. After electrophoresis the gels were processed for fluorography (Bonner & Laskey, 1974) and exposed to Kodak RP Royal X-Omat rapid processing X-ray film at -75 °C for the required time.
Virion RNA was analysed in 2 % acrylamide, 0.5 % agarose gels as described by Boutton & Westaway (1972) . For this purpose, purified virus particles labelled with 3H-uridine were pelleted and resuspended in 20 gl electrophoresis buffer (0.03 M-tris, 0.03 M-NaH2PO 4, 0.01 M-EDTA) containing 1% SDS. The resuspended material was mixed with 14C-labelled ribosomal RNA markers and a 1/10 vol. of 60% sucrose (RNase free) containing bromophenol blue. Labelled ribosomal RNA from Vero cells was prepared as described by Boulton & Westaway (1972) . Electrophoresis was for 2 h at 10 mA/gel. The cylindrical gels were then evenly sliced and the radioactivity was eluted from each slice with 0.3 ml distilled water and counted after the addition of liquid scintillation fluid.
Sedimentation analysis ofvirion RNA. Purified Belmont virus labelled with 3H-uridine was diluted in TES buffer containing 0.2 % BSA and disrupted with 1% SDS at 20 °C for 30 min. The RNA species were then separated in a 15 to 30% (w/w) linear sucrose gradient in RSB-Na + buffer (0.01 M-tris-HC1 pH 7.4, 0.01 M-NaC1, 0.0015 M-MgClz) using rate-zonal conditions in the Spinco SW27 rotor at 24000 rev/min for 18 h at 20 °C. 14C-labelled Vero cell 28S and 18S ribosomal markers were sedimented in identical parallel gradients.
Electron microscopy. Virus particles were placed on the electron microscope grid for about 30 s and if to be fixed on the grid were treated with 2.5 % glutaraldehyde for 30 s. The grid was washed with dust-free distilled water and stained with 2 to 4 % potassium or sodium phosphotungstate (pH 6.6 and 7.2 respectively) for 15 to 30 s and the excess removed. Specimens were examined in a Philips EM 300 or a Hitachi HV 1 tB microscope.
RESULTS

Growth and purification of Belmont virus
Belmont virus grew in Vero, PS, LLC-MK 2, A. albopictus and BHK-21/13 cells with maximum extracellular titres of 6.4 to 6.7 log10 p.f.u./ml. These maximum titres were recovered from vertebrate cells after 24 h when significant cell degeneration was observed. With A. albopictus cells at 28 °C maximum extracellular titres occurred when the development of syncytial formation reached about 5 % of the cell monolayer, usually between 16 and 30 h post-infection. The latent periods were 10, 7 and 6 h for virus grown in Vero, BHK-21 / 13 and A. albopictus cells respectively.
Belmont virus grown in Vero or in BHK-21/13 cells was purified in sucrose gradients under rate-zonal conditions, the fractions containing purified virus being readily identified by infectivity, radioactive label incorporation and/or haemagglutinating activity ( Fig. 1 a to d) . About 10% of the original infectivity was recovered in the peak fractions. A faster sedimenting non-infectious peak, associated with haemagglutinating activity and labelled in RNA and protein as in the virion, was also consistently seen (fraction 5, Fig. l b, c) . Bunyamwera virus was grown in BHK-21/13 cells, concentrated and purified in the same manner as Belmont virus; sedimentation analyses resulted in identical profiles of virions labelled in glycoprotein ( Fig. 1 e) , RNA and of infectivity and haemagglutinin (not shown). The buoyant density of Belmont virus was 1.185 g/ml (Fig. l f) . The sedimentation coefficient was estimated to be the same as that for Bunyamwera (438S; Kascsak & Lyons, 1977) because Belmont virus co-sedimented with Bunyamwera virus under rate-zonal conditions as in Fig. 1 
(e).
Electron microscopy of virus preparations
Belmont and Bunyamwera viruses were purified identically and the purified virions placed on grids, fixed and negatively stained for electron microscopy; virus particles were similar in morphology but the particle sizes differed (Fig. 2 a, b) . Particles of both viruses were roughly spherical, sometimes pleomorphic, covered with ill-defined spikes about 10 nm in length and enveloped by a relatively electron-lucent membrane, about 9 to 10 nm wide, immediately beneath the spikes. Belmont virus particles were an average of 114 _+ 6 nm in diam. (Fig. 2a) whereas Bunyamwera virus particles were 93 + 5 nm in diam. (Fig. 2 b) .
Belmont and Bunyamwera virus particles were fixed with 1% glutaraldehyde before concentration and staining for electron microscopy. Under these conditions, fixed particles of both viruses were uniformly spherical, with ill-defined spikes and some form of substructure (Fig. 2c, d ). Glutaraldehyde-fixed Belmont and Bunyamwera virus particles were 91 + 7 nm and 79 + 5 nm in diam. respectively. Belmont virus particles which were not fixed ( Fig. 2e ) but otherwise prepared in an identical manner to fixed particles (Fig. 2 c) were an average of 122 + 7 nm in diam. (and often pleomorphic) compared to 94 + 4 nm for unfixed particles of Bunyamwera virus (Fig. 2 f) . The 10 nm spikes and the electron-lucent membrane of Belmont virus are best defined in the unfixed preparations, as in Fig. 2 (e) .
The genome of Belmont and Bunyamwera viruses
Purified 3H-uridine-labelled Belmont virus was disrupted with SDS and the digest sedimented under rate-zonal conditions. Belmont virus RNA consisted of three species sedimenting at 28S (L), 24S (M) and llS (S) (Fig. 3a) . The mol. wt. of these three RNA species were determined by co-electrophoresis with SDS-treated ribosomal RNA markers in 2% acrylamide, 0.5 % agarose column gels under non-denaturing conditions (Fig. 3 b) . Purified Bunyamwera virus preparations were treated in an identical manner for comparison (Fig. 3 c) . The electrophoretic profiles show that both virions possessed three RNA species; their apparent mol. wt. (from two experiments) were estimated to be 3.2 x 106 (L), 2.4 x 106 (M) and 0.3 x 106 (S) for Belmont and 2.9 x 106 (L), 1.8 X 106 (M) and 0.3 × 106 (S) for Bunyamwera virus, using the mol. wt. 1.75 x 106 and 0.70 x 10 6 for the 28S and 18S ribosomal RNA markers respectively (Bishop et aL, 1967; Loening, 1968 
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The virion proteins and glyeoproteins of Belmont and Bunyamwera viruses The correspondence in the properties studied so far prompted an examination of the structural proteins of the two viruses. For Bunyamwera virus, recent reports show that it comprises two envelope glycoproteins, G1 (115 x 103 to 125 x 103) and G2 (30 x 103 to 38 x 103), and a nucleoprotein N (19 x 103 to 22 x 103) (Gentsch et al., 1977; Obijeski & Murphy, 1977) . By analogy with other bunyaviruses, a large or L protein is probably also present (Obijeski et al., 1976) .
Belmont and Bunyamwera viruses were labelled with 3H-methionine or 3H-glucosamine during growth in BHK-21/13 cells and purified by rate-zonal sedimentation twice through sucrose gradients. At least four virion proteins for each were clearly resolved by electrophoretic analysis in 8% SDS-phosphate and 10% discontinuous slab gels (Fig. 4) . Their estimated mol. wt., measured by reference to migration of standard proteins in 8 % SDS-phosphate slab gels, were 147 x 103 (P147), 107 x 103 (G107), 28 x 103 (P28) and 25 x 103 (P25) for Belmont and 145 x 103 (P145), 104 x 103 (G104), 32 x 103 (G32) and 22 x 103 (P22) for Bunyamwera. The four Bunyamwera virus proteins represent respectively the L (P145), G1 (G104), G2 (G32) and N (P22) bunyavirus proteins currently recognized. On the basis of relative size and incorporation of methionine, P147, G107, P28 and P25 of Belmont virus are obviously equivalent to P145, G104, G32 and P22 respectively of Bunyamwera virus. In view of this and the observed similarities noted earlier between other properties of the two viruses, it is surprising that Belmont virus was labelled in only one glycoprotein (G107 in lane A, Fig. 4a ), whereas both the expected glycoproteins of Bunyamwera virus (GI04 and G32 in lane C, Fig. 4a ) were identified. However, P28 of Belmont virus is of similar size and incorporates similar amounts of methionine as G32 of Bunyamwera virus; in the accompanying paper (McPhee & Westaway, 1981) , we also show that P28 in infected cells was not labelled with 3H-glucosamine, 3H-galactose or 3H-mannose, D. A. M c P H E E AND E. G. whereas G32 of Bunyamwera virus was labelled with all these glycoprotein markers. Apart from the deficiency in carbohydrate of P28 of Belmont virus, the protein composition of both viruses was very similar. Two additional proteins were sometimes seen in gel profiles of the purified virion preparations of Belmont (p63 and p43 in lane A, Fig. 4 b) and Bunyamwera (p67 and p43 in lane E, Fig. 4a ) but only after prolonged exposures; they represented only 0.2 to 0.5 % of total methionine incorporation measured in densitometer traces. Protein p43 co-migrated with a prominent host cell protein, probably actin (43 × 103 mol. wt.), in extracts of infected ceils (results not shown). The protein actin is present in the virion of several enveloped viruses (Wang et aL, 1976) and is thought to be incorporated adventitiously during the budding process. Both the additional proteins in each virus appear to be host cell contaminants. was therefore of interest to confirm that P25 (Belmont) was the counterpart of P22 (Bunyamwera) by showing that it was also associated with the genomic RNA. Belmont virus, doubly labelled with 35S-methionine and 3H-uridine, was purified as described above. The purified virus was dissociated with non-ionic detergent and loaded on to a CsC1 gradient. After isopycnic sedimentation, 3H-uridine label was present in one component (density 1.325 g/ml), whereas 35S-methionine label was distributed into two components, one at the origin of the gradient and the other corresponding to the 3H-uridine peak (Fig. 5 a) . The two components were separately dialysed and the proteins analysed by electrophoresis in an 8% SDS-phosphate slab gel (Fig. 5 b) , in parallel with proteins of 35S-methionine-labelled purified virus. The result clearly shows that the protein P25 was associated with the RNA as the nucleoprotein, and the proteins P28 and G107 were solubilized and presumably comprise the envelope of the virion. The structural location of P 147 could not be identified in the products of digestion because it was present in such small amounts. The possible host cell contaminant p63 was solubilized with the envelope proteins.
Characterization of the envelope and nucleocapsid proteins of Belmont virus
To Virus was then immediately placed on grids for electron microscopy after adding excess protein (10 pg bovine serum albumin per 10 ~1). Treated (ENZ) and control (CON) virus preparations were also dissolved in 2 % SDS and the labelled proteins separated by electrophoresis in a 10 % Laemmll slab gel. a-chymotrypsin/ml, but substantial losses occurred with both the smaller structural proteins of both viruses (results not shown). Treatment of Belmont virions with 0.125 mg a-chymotrypsin/ml completely degraded G107 but had no significant effect on P28 or P25 ( Fig. 6a ; the ratio of P28 :P25 in densitometer traces of gel profiles was not significantly affected). In a similar experiment with Bunyamwera virus, only G1 was digested (Fig. 6 b) . In both experiments, electron micrographs of virions after treatment showed that spikes were evident (Fig. 6) , congruent with the evidence of the gel profiles that the small envelope protein G2 of Bunyamwera (and P28 of Belmont) virus remained intact.
DISCUSSION
The properties of Belmont virus proved to be similar in so many respects to those of Bunyamwera virus that the latter was soon confirmed as the appropriate choice for exploring the possibility that Belmont virus may be a member of the Bunyaviridae. The characteristic feature of the family is a segmented genome of three pieces of single-stranded RNA.
Bunyamwera virus is the type species of the Bunyaviridae family and of the bunyavirus genus (Porterfield et al., 1975/6) . Of the numerous other members of the Bunyaviridae, the most characterized are La Crosse virus (California group within the bunyavirus genus) and Uukuniemi virus (type species of the Uukuniemi group and possibly a distinct genus). Table 1 compares the properties of Belmont virus with recognized family members, including data for Bunyamwera virus.
Morphologically, Belmont virus was indistinguishable from Bunyamwera virus (Fig. 2) Bonsdorff & Pettersson (1975) . However, the icosahedral lattice structure of Uukuniemi virus was not observed when Belmont virus was examined under similar conditions. Furthermore, the disparity between sizes of the G1 and G2 proteins (Table 1) excludes Belmont virus from the Uukuniemi group.
Comparisons of the virion RNA species show that the L and M components of Belmont virus were apparently larger than those of Bunyamwera virus measured under non-denaturing conditions (mol. wt. 3.2 x 106 compared to 2.9 x 106 respectively for L, and 2.4 x 106 compared to 1-8 x 106 respectively for M). The molar ratios of the RNA species labelled in aH-uridine were identical, the ratio L: M : S being 1:1: 2 for both viruses. Similarly, the molar proportions of the structural proteins of both viruses labelled in methionine were similar, the N protein being in large excess and the L protein in very small amounts (1 to 2% of the total protein). Our estimates of the sizes of the Bunyamwera virus proteins were measured using a wide range of markers (Fig. 4) and approximate the published data (Table 1) of Gentsch et al. (1977) and Obijeski & Murphy (1977) . Thus, the differences in size of the structural proteins of Belmont and Bunyamwera viruses are trivial.
Although bromelain digested G1, G2 and the spikes of La Crosse virus, only G1 was removed from virions by the non-ionic detergent Triton X-100 (Obijeski et al., 1976 ). In contrast, Nonidet P-40 (NP-40) removed both of the putative envelope proteins G107 and P28 from Belmont virions (Fig. 5) , whereas ct-chymotrypsin digested only G107, leaving P28 and the spikes apparently intact (Fig. 6 a) . Importantly, G2 and the spikes of Bunyamwera virus were also resistant to the same concentration of chymotrypsin (Fig. 6 b) , yet this was sufficient under the same conditions to remove G1, G2 and spikes from Karimabad virus, a member of the Bunyaviridae within the Phlebotomus fever group (Robeson et al., 1979) . Hence, although it is now obvious that the extent of degradation of virions by different reagents varies among the bunyaviruses, our results were consistent; P28 (Belmont) and G2 (Bunyamwera) remained associated with spikes even after the large envelope protein was completely digested in both virions. P25, the remaining major structural protein of Belmont virus, was shown to be clearly associated with the core of nucleocapsid obtained by NP-40 treatment of virions (Fig.  5) . Thus P28, like G2, is the small envelope protein which is less exposed, or more tightly bound, on the virion than the larger envelope protein G107 (compare G1).
In conclusion, our results show that Belmont virus is a typical member of the Bunyaviridae in regard to size, morphology, RNA and proteins (Table 1 ). The unique feature of Belmont virus is the absence of carbohydrate in P28, the apparent counterpart of the smaller envelope protein G2 of the bunyavirus species. The lack of serological relationships of Belmont virus within the Bunyaviridae and the preference of Belmont virus for marsupial hosts (Doherty et al., 1972) suggest that the virus has possibly evolved in isolation in Australia over countless thousands of years. The absence in P28 of the carbohydrate component found in G2 of the recognized members of the Bunyaviridae poses intriguing questions in regard to the mode of incorporation of P28 in the envelope during virus morphogenesis, and to the generic status of Belmont virus.
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